(A) INTRODUCTION BIOME 6000 ) is a data synthesis project sponsored by the International Geosphere-Biosphere Programme (IGBP). The project came into being to support the "6000 yr B.P. experiment", an initiative of the IGBP Task Force on Global Analysis, Interpretation and Modelling (GAIM). The 6000 yr B.P. experiment aims to use palaeodata from the mid-Holocene as a benchmark to evaluate simulations with coupled climate-biosphere models and thus to assess the extent of biogeophysical (vegetation-atmosphere) feedbacks in the global climate system (Anon., 1994) . The success of this initiative depends on global vegetation data for the mid-Holocene being available, in a form allowing direct comparison with model output. The primary aim of BIOME 6000 is, accordingly, to map global biome distributions at the mid-Holocene (6000 ± 500 14 C yr B.P.). GAIM also envisages model experiments focused on the last glacial maximum (LGM), especially with regard to understanding the natural changes in atmospheric composition between glacial and interglacial periods (Anon., 1994) . A secondary aim of the BIOME 6000 project is therefore to create a similar map for the LGM (18,000 ± 2000 14 C-yr B.P.). The mid-Holocene and LGM are the two key time periods adopted by the Palaeoclimate Modelling
Intercomparison Project, PMIP (Joussaume & Taylor, 1995) . PMIP and GAIM modelling studies are based on the premise that the mid-Holocene (taken for modelling purposes as 6000 cal yr B.P.) represents an "orbital forcing experiment", with perihelion in northern summer/autumn and greater-than-present axial tilt, but free of major ice-sheet and CO 2 effects. The LGM (taken for modelling purposes as 21,000 cal yr B.P.) represents by contrast primarily an experiment on the effects of enlarged ice sheets and low atmospheric CO 2 . BIOME 6000 has provided a unique opportunity for palaeoecologists to work together towards a globally comprehensive documentation of the response of the terrestrial biosphere to specific climate changes in the past. The project is community-wide and engages palaeoecologists from all continents. BIOME 6000 is distinguished from previous palaeoecological data compilations by its global scope, combined with its use of an standardized, objective method (biomization) based on plant functional types (PFTs: Steffen et al., 1992; Prentice et al., 1996) to assign palaeoecological data (pollen or plant macrofossil records) to biomes. Results are presented in the form of maps in which every site is shown and can be traced to an original pollen or macrofossil count, or (if unavoidable) a record digitized from a pollen diagram. This approach eliminates the subjectivity inherent in more traditional palaeogeographic map reconstructions. The idea is to compile data of high quality whose origin and validity can always be checked, and which can be built on further as new data become available.
This paper introduces the second Journal of Biogeography Special Feature devoted to BIOME 6000. Papers presented in the first Special Feature established the practicality and robustness of the biomization technique, first developed and tested for Europe , when applied to pollen and plant macrofossil data from poor (e.g. Siberia) to rich (e.g. tropical Africa) floras and including Arctic, oceanic and continental midlatitude, arid to moist subtropical and wet and dry-tropical climates (Jolly et al., 1998a , Tarasov et al., 1998 , Yu et al., 1998 . In each of these regional studies, the method was first applied to modern (surface pollen sample) data and shown to successfully reconstruct the modern biome distribution. Then the method was applied without change to 6000 14 C yr B.P. data and found to generate spatially coherent and plausible reconstructions of biome distribution for that time. The study for China (Yu et al., 1998 ) was a pilot study based on a subset of the available pollen records and taxa, relying BIOME 6000 5 mainly on digitized pollen records. The other studies, for Africa (Jolly et al., 1998a) and the former Soviet Union eastward to ca 130°E (Tarasov et al., 1998) , were comprehensive and based largely or entirely on complete taxon lists.
Papers in this second Special Feature extend the geographic coverage of the 6000 14 C yr B.P. reconstructions, and equip all of the regions studied at 6000 14 C yr B.P. with biome reconstructions for the LGM. The papers featured here deal with southern Europe and Africa at LGM (Elenga et al., this issue) , a new and comprehensive analysis for China at 6000 14 C yr B.P. and LGM (Yu et al., this issue) , 6000 14 C yr B.P. and LGM reconstructions for Japan (Takahara et al., this issue) , an extension of the Tarasov et al. (1998) (Williams et al., this issue) . This scheme for dividing up the continents is based partly on practical considerations (e.g. existing co-operative projects) and partly on biogeographical considerations  for example, the overlap of flora between Alaska and eastern Siberia, and the distinctness of the flora of the western USA from that of the rest of North America.
These papers, together with those published in the first Special Feature, provide 6000 14 C yr B.P. and LGM coverage for Africa, Eurasia (apart from Southeast Asia and the Indian subcontinent), and North America southward to the USMexican border. They document an evolution of the methodology, with an increasing focus on obtaining primary data and using the information in minor taxa that may have important indicator value for biomes (especially when distinguishing non-forest biomes where pollen records are typically dominated by a few pollen taxa of broad ecological tolerance, such as Artemisia and Poaceae), and progress by iteration towards a global set of PFTs that will ultimately be useful for biome modelling as well as for reconstructing past biomes. Another important development is the use of plant macrofossil records as a major information source. Charcoal records were already included in the earlier African study by Jolly et al. (1998a) and tree megafossils were included to document Arctic treeline regression since 6000 14 C yr B.P.
by Texier et al. (1997) . A more extensive use of plant macrofossils is provided here by Thompson & Anderson (this issue) , who use packrat midden assemblages as a major data source in addition to pollen data to reconstruct vegetation changes in the arid southwestern USA.
This introductory paper represents a preliminary synthesis, based on the combined results of the BIOME 6000 project to date. We consider the potential significance of these results from several standpoints: as a simple record of biogeographic shifts; as documentation of vegetation's long-term response to climate change; as a historical background to understanding the shifting geographic ranges of plant taxa in the face of a changing climate; and as data for the evaluation and improvement of approaches to modelling climate change, as envisaged in the GAIM 6000 yr B.P.
experiment. (A) RECONSTRUCTION OF PRESENT-DAY VEGETATION PATTERNS
Surface samples provide a way to test the validity of the method used to reconstruct past biomes. Occasional samples from tundra regions, especially from islands in the high Arctic (e.g. Banks Island, Svalbard, Björnöya), are misclassified as taiga or cold deciduous forest due to the weak local pollen signal being overwhelmed by transport of tree pollen types from distant forest regions (Prentice, 1988) . In the areas of most intense cultivation (eastern China, western Europe, eastern USA), a proportion of samples from forest biomes are misclassified into nonforest biomes (mainly desert and steppe). Nevertheless, most samples even in these regions are assigned to the correct (forest) biome, confirming the method's robustness against all but the most intensive human impact . The biome shifts also provide evidence for drier conditions than present across large areas of the mid-latitudes. In central Asia and Siberia tundra encroached much further south than today (Edwards et al., this issue) , but further large areas of what is now forest were occupied by a kind of steppe (Tarasov et al., this issue) . As suggested by palaeoclimate-biome model experiments (e.g. , it appears that tundra and steppe at LGM had a long common frontier or intergradation zone in Eurasia. This is in contrast with today, where tundra-steppe intergradation only occurs in a few very dry regions, such as along elevation gradients in central Asia and Alaska. We have avoided using the term "steppe-tundra", but this concept is given some support by the existence of an intergradation between these two biomes at LGM. Tarasov et al. (this issue) show that the position of the reconstructed boundary between steppe and tundra is somewhat senstive to the classification of certain shrub and forb taxa that are treated differently in the Beringia study (Edwards et al., this issue) ; further work is required to establish a universal circumpolar classification scheme. Nevertheless, the LGM vegetation in Beringia was unambiguously tundra (Elias et al., 1997; Edwards et al.this issue) while the LGM vegetation in central Asia and southern and southeastern Europe (Tarasov et al., this issue; Elenga et al., this issue) was clearly steppe. Affinity scores for the two biomes, as used in the biome assignment algorithm, confirm that there was a gradient from tundra to steppe. For example, in Europe the more northerly LGM samples (from France) assigned to steppe also have relatively high scores for tundra (Elenga et al., this issue) . In Alaska, where the BIOME 6000
7
LGM samples are consistently assigned to tundra, these samples nevertheless have higher scores for steppe than do tundra samples from Alaska today or in the Holocene (Edwards et al., this issue) .
Temperate deciduous forests in Europe, North America and Asia were "squeezed" not only by the southward encroachment of more cold-tolerant or cold-requiring forest types, but also by the extension of non-forest vegetation (Elenga et al., this issue; Tarasov et al., this issue; Yu et al., this issue; Williams et al., this issue) . This phenomenon is most marked in China, where steppe and even desert extended eastward to the modern coastline in what is now the temperate deciduous forest belt, suggesting a strongly reduced East Asian summer monsoon at LGM (Yu et al., this issue).
The equatorial region and the southern hemisphere are represented here only by Africa. Although the available LGM data from tropical Africa are sparse, they too document not only cooling (as shown by the downward elevational shift of broadleaved evergreen/warm mixed forest) but also drying (as shown by the encroachment of steppe into regions now occupied by tropical forests) (Elenga et al., this issue) . In southern Africa, the data similarly show xerophytic woods/scrub being replaced by steppe at the LGM.
The one striking exception to this pattern of drying is provided by the southwestern USA, where a modelled southward displacement of the jet stream in response to the presence of the Laurentide ice sheet can explain high lake levels and the observed presence of open conifer woodlands in regions that are steppe or desert today (e.g. COHMAP Members, 1988; Thompson et al., 1993) . A similar though less pronounced jet-stream displacement may have occured in Europe (Kutzbach & Guetter, 1986; Harrison et al., 1992) . However, while lake levels in southern Europe were high, the vegetation was uniformly steppe  suggesting that summer precipitation, at least, was insufficient to sustain forest .
Low atmospheric CO 2 concentration at LGM may have contributed to low plant-available moisture (PAM) by reducing plant water-use efficiency (Ferrara et al., 1999) and may have played a role in the lowering of tropical treelines during the glacial period Street-Perrott et al., 1997) . But this effect does not eliminate reductions in continental precipitation as a major cause of biome shifts. Indeed such reductions are a common feature of model simulations of the LGM climate for the low and mid-latitudes (Pinot et al., 1999) , except in those regions (most importantly the southwestern USA) where the data show increased PAM and models show increased precipitation. Thus, the broad-scale biome shifts shown by the data can plausibly be taken to reflect a climate with temperatures and precipitation lower than present over most of the Northern hemisphere.
(B) Mid-Holocene
In the northern circumpolar region, the mid-Holocene data show forests (taiga, cold deciduous forest) extended poleward at the expense of tundra, indicating greater than present growing-season warmth, in the Mackenzie Delta region (Canada) (Ritchie, 1985 (Ritchie, , 1987 MacDonald, 1995) , the European Arctic (Hyvärinen, 1976) and western and central Siberia (Texier et al., 1997; Tarasov et al., 1998) . However, this shift was at most 200-300 km. In the Mackenzie Delta region, the shift has been estimated as only about 25 km (MacDonald, 1995) . The shift appears relatively slight when viewed on global maps. Furthermore it is not symmetrical around the pole. There was no discernible northward treeline shift in Alaska despite the relatively high density of sites that would allow such a shift to be detected, if it had BIOME 6000 8 occurred (Edwards et al., this issue) . There is no clear evidence for a northward shift in Keewatin, although the data from that region are too sparse to allow certainty on this point (MacDonald, 1995; Williams et al., this issue) . In Québec-Labrador, treeline was slightly south of its present position (Richard, 1995; Williams et al., this issue) . In eastern Siberia, where the Arctic treeline is formed by cold decidous forest, low pollen production by the dominant tree taxon (Larix) makes the pollen-based definition of treeline uncertain (Edwards et al., this issue) . Nevertheless the forest and tundra can be distinguished at a broad-scale even in this region, and there is no clear evidence for the forest being further north than present at 6000 14 C yr B.P.
Explanations of the 6000 14 C yr B.P. climate will thus have to account for a strong asymmetry of the circumpolar warming, perhaps reflecting a changed ocean circulation in the Arctic Basin. Accurate representation of the forest-tundra boundary is itself important for climate modelling because even a slight shift can have substantial consequences for the northern-hemisphere energy balance (Foley et al., 1994; TEMPO, 1996) . The shifts of the Arctic treeline between 6000 14 C yr B.P., although slight in terms of distance, may therefore have been significant in terms of climate feedbacks. Our ability to model these effects today is limited.
The general pattern across the northern mid-latitudes of Eurasia is one of poleward shifts of the forest belts. Although the distances involved are small compared to the changes between LGM and present, many of the shifts are far more dramatic than the change in the position of the Arctic treeline between 6000 14 C yr B.P. and present. In many cases these shifts implicate warmer winter conditions at 6000 14 C yr B.P., even though the orbital forcing alone would tend in the direction of colder winters (Kutzbach & Guetter, 1986) . For example, the northward and eastward extension of temperate deciduous forest in Europe requires that winters were too warm to satisfy the winter-chill requirements of boreal conifers (Huntley & Prentice, 1993) . Similarly, the slight northward and upward extension of broadleaved evergreen/warm mixed forest limit in China implies that broadleaved evergreen trees at this latitude were subject to less frequent killing frosts than they would be at the same latitude today (Yu et al., 1998; Yu et al., this issue) .
The paradox of warm mid-Holocene winters has been extensively discussed for Europe , Huntley & Prentice 1993 , Masson et al., 1998 and various mechanisms have been proposed to account for it. Climate models however have failed to produce any (or a strong enough) winter warming in Europe . For China, Sun & Chen (1996) and Yu et al. (1998; this issue) have proposed that the changes reflect a reduced strength of the East Asian winter monsoon. In Japan the situation is more complicated because where broadleaved evergreen/warm mixed forests grow today, the dominant vegetation at 6000 14 C yr B.P. was temperate conifer forest. Takahara et al. (this issue) interpret this difference as a consequence of summer warming creating a more seasonal climate, close to that of the small areas where temperate conifers such as Cryptomeria thrive now. In eastern North America, by contrast, the shifts of the forest belts are in a direction suggesting winters similar to or colder than present (Prentice et al., 1991; Webb et al., 1993; Williams et al., this issue) . Thus, there is apparently a circumpolar asymmetry also in the response of the wintertime atmospheric circulation to orbital forcing at 6000 14 C yr B.P., manifested in qualitatively different biome shifts on the different continents.
In the mid-continents, there is some evidence of drying associated with the expanded distribution of steppe at the expense of forest in the Great Lakes region and the western interior of Canada (Prentice et al., 1991; Webb et al., 1993; Williams et al., this issue) . Once again, however, the hemispheric pattern is asymmetrical: southeastern Europe and BIOME 6000 9 central Asia show the opposite trend, with forest biomes encroaching on the present-day steppe (Tarasov et al., 1998) .
Thus, it may be that the shift of the steppe-forest boundary in North America is not a simple consequence of warm summers leading to higher evaporation rates and reduced soil moisture, as one might guess, but rather a reflection of a global atmospheric circulation shift. Alternatively, the direct evaporation effect may be overridden in Eurasia because of the importance of monsoonal circulations in bringing moisture into the mid-continent. This problem bears on the question of possible future trends in mid-continental aridity (Kattenberg et al., 1996) and requires further analysis to isolate the various possible mechanisms involved.
The circum-Mediterranean region shows temperate deciduous forest encroaching southward and xerophytic woods/scrub reduced in extent at 6000 14 C yr B.P., suggesting a moister climate than today (Huntley & Prentice, 1993) . Progressive aridification of this region since 6000 14 C yr B.P. is also shown by some lake-level records (Harrison & Digerfeldt, 1993; Yu & Harrison, 1996) , isotopic records (Araus et al., 1997) and the palaeosalinity record of the Mediterranean Sea itself (Kallel et al., 1997) . However, the underlying climatic mechanisms are not understood. Climate model simulations generally have produced wetter winters but not summers in southern Europe at 6000 14 C yr B.P. , whereas this vegetation shift requires increased PAM at 6000 14 C yr B.P.. Increased winter precipitation in most of the Mediterranean-climate area would accrue to runoff, but would not increase PAM .
This problem is also relevant to future trends because many climate model simulations with increased CO 2 show increasing winter precipitation in the Mediterranean region accompanied by summer drought (Kattenberg et al., 1996) , just as they show for the mid-Holocene (Hewitt & Mitchell, 1996) .
The largest changes of all at 6000 14 C yr B.P. are seen in the monsoon regions, above all in northern Africa, where the Sahara desert was drastically reduced and the Sahelian vegetation belts (i.e. steppe, xerophytic woods/scrub, tropical dry forest) shifted systematically northwards (Jolly et al., 1998a) . The basic mechanism of monsoon amplification due to early to mid-Holocene orbital forcing is well established (Kutzbach & Street-Perrott, 1985; Kutzbach & Guetter, 1986; COHMAP Members, 1988; de Noblet et al., 1997) but further positive feedback mechanisms, involving land-surface changes (Street-Perrott et al., 1990; Kutzbach et al., 1996; Claussen & Gayler, 1997; Texier et al., 1997; Broström et al., 1997) and/or sea-surface changes (Kutzbach & Liu, 1997; , need to be invoked in order to account for the magnitude of the biome shifts in Africa Joussaume et al., 1999; Braconnot et al., 1999) .
Africa was not uniformly wetter than present at 6000 14 C yr B.P.. The (admittedly limited) data from equatorial Africa show that the area of the tropical rainforest biome in Africa (excluding possible offshore locations at LGM) may be greater now than it was either at LGM or at 6000 14 C yr B.P. (Jolly et al., 1998a, b) . At 6000 14 C yr B.P., the contracted rainforest area suggests a more seasonal precipitation climate. Model simulations predict a more seasonal climate as a consequence of a more northerly location of the intertopical convergence zone during northern hemisphere summer Joussaume et al., 1999) . The reduction of tropical rainforest may therefore be dynamically linked to the expansion of moisture-demanding biomes further north (Prentice & Sarnthein, 1993; Mommersteg et al., 1995) .
(A) IMPLICATIONS FOR PALAEOECOLOGY AND PHYTOGEOGRAPHY
The palaeobiome maps presented here raise questions about the ecological mechanisms that have allowed plant taxa to persist in the face of climate changes on the time scale of glacial-interglacial cycles. One of the most important contributions of Quaternary palaeoecology to evolutionary biology has been the perspective that plant species must migrate if they are to survive climate change; this migration has the effect of mixing and homogenizing gene pools, and therefore opposes rather than promotes speciation (Bartlein & Prentice, 1989; Huntley & Webb, 1989; Bennett, 1997) .
Palaeoecologists have also demolished the notion that ecological communities can be considered as ancient, co-evolved entities, since climate change evokes differential responses in the constituent taxa so that the taxonomic composition of biomes during one climatic phase can be very different from that during another phase (Colinvaux 1987; Davis, 1990; Prentice, 1992) . Several papers in this issue (Edwards et al., this issue; Williams et al., this issue; Elenga et al., this issue) demonstrate this point graphically with respect to the composition of biomes at LGM. Even in terms of the contributing plant functional types, it can be shown that biomes do not maintain a fixed composition through time; the same applies a fortiori to the species that make up the functional types.
The data presented here underline these dynamic perspectives on phytogeography. Biomes are mapped on the basis of the taxonomic composition of palaeoecological communities, but the biome assignment is an emergent property based on functional properties. Two assemblages, even in the same biogeographic province, need not have any taxa in common in order to be assigned to the same biome. This logical separation of biomes and taxa is important to consider when evaluating possible refugia for taxa during periods that are unfavourable to particular biomes. Two biomes that are seemingly absent (or nearly so) from the regions covered by Fig 1 at LGM are temperate deciduous forest and tropical rainforest; this raises the question of where the constituent taxa were able to persist. Several possibilities exist and are not mutually exclusive:
1. These biomes existed somewhere on the present land surface, but palaeoecologists have not found sites in the right place. This possibility cannot be ruled out completely but it becomes less likely as more data are collected. The broadscale distributions of taxa and biomes are constrained by climate, which imposes a degree of spatial coherence.
Arbitrary distributions of taxa and biomes are not climatically possible, although distributions can be complex and many climatically differentiated taxa can co-exist at a regional scale in regions of high relief.
2. Larger areas of these biomes existed offshore, on the areas of continental shelf that were exposed at LGM. This may be the case, for example, for temperate deciduous forest in China (Yu et al., this issue) . Adequate precipitation for forest growth may have been available in the continental shelf region to the south and east, which could also have provided the source for re-population of Japan with deciduous trees after the LGM (Takahara et al., this issue) . It also seems likely that tropical tree species, now found along the southern coast of China but completely ousted at LGM, could have survived further south on the exposed South China Sea shelf.
3. The taxa in question may have persisted as minor components in other biomes. This is certainly true for a number of temperate deciduous tree taxa that the pollen data show to have survived the LGM in broadleaved evergreen/warm mixed forests in southern China (Yu et al., this issue) , and others that survived the LGM in cool mixed forest in eastern Europe (Elenga et al., this issue) . Similarly, a number of tropical rainforest taxa persisted in tropical seasonal forest through the LGM and Holocene in equatorial Africa (Elenga et al., this issue) .
Consideration of the time sequence from LGM through 6000 14 C yr B.P. to present prompts further speculations about the distributional history of plant taxa. For example, a long-standing phytogeographic puzzle (Quézel & Barbero, 1993) concerns species that are common to the floras of African tropical mountains and the Mediterranean region. The classic example is Erica arborea (Bruneau de Mire & Quézel, 1959; Quézel, 1978) . Similarities between these regions in terms of vegetation structure and function are easy to understand: African montane and Mediterranean environments today are characterized by the occurrence of the broadleaved evergreen/warm mixed forest and xerophytic woods/scrub biomes, in similar bioclimates. However, it is less obvious how the respective floras could have been connected in the past, since they are separated today by thousands of kilometres of desert. A key to this puzzle is provided by the palaeodata, indicating that earlier in the Holocene conditions in the Sahara region were far more moist than present and in particular that the Saharan mountains supported woodland or scrub, including typically Mediterranean taxa such as Quercus ilex
and Pistacia spp. as well as Erica spp. (Wickens, 1984) , as recently as 6000 14 C yr B.P. (Jolly et al., 1998a) . This climatic history may also explain the occurrence today of species apparently of Mediterranean origin, such as the endemic Cupressus dupreziana, in the Saharan mountains (Quézel & Barbero, 1993) .
In general, favourable conditions for the existence of broadleaved evergreen trees in the present Sahara desert could have existed for millenia during every climatic cycle during those periods where orbital forcing caused strong northernhemisphere monsoons. This argument is reinforced when it is noted that 6000 14 C yr B.P. postdates the peak of wetness in northern Africa during the Holocene, with more developed vegetation occurring in the Sahara during earlier millenia (Jolly et al., 1998b) ; even wetter conditions prevailed during the last interglacial. We thus speculate that climatic oscillations on the Milankovitch time scale allowed repeated mixing of floras during some phases, while forcing disjunctions during others. In order to evaluate such speculations more critically it will be necessary to examine more complete time sequences of taxon and biome distributions. stressed the importance of palaeoecological data bases, which ultimately will allow palaeobiome mapping to be essentially automated and therefore feasible for continuous time.
(A) IMPLICATIONS FOR PALAEOCLIMATE MODELLING
The most straightforward use of the palaeobiome data in the context of climate modelling is to evaluate standard palaeoclimate simulations, such as those being generated by PMIP, and simulations in which biosphere and atmosphere are coupled in some way, as envisaged by the GAIM 6000 yr B.P. experiment. Diagnostic procedures based on biome modelling have been developed to translate climate model output into predictions of biomes (Claussen & Esch 1994; Harrison et al., 1995; Ciret & Henderson-Sellers, 1997 , 1998 Harrison et al., 1998; Kutzbach et al., 1998) , and such procedures form part of the "equilibrium asynchronous coupling" approach to the inclusion of vegetation feedbacks in atmospheric models (e.g. Texier et al., 1997) . Thus, model results obtained with or without explicit vegetation feedbacks can be compared with the palaeobiome data on a site by site basis. This site by site approach to data-model comparison is generally preferable to grid-based approaches, because numerous assumptions are hidden in all methods that could be used to interpolate palaeodata to a grid. Broccoli & Marciniak (1996) have made this point with respect to CLIMAP sea-surface data, i.e. that the some of the more controversial features of the much-cited gridded data set provided by CLIMAP rest on extrapolation from a limited number of (ín some cases questionable) data points. Thus, discrepancies between CLIMAP data and model results may have been overestimated. Similar and equally forceful arguments can be made for terrestrial palaeodata of all kinds, including palaeocological data assigned to biomes.
However, there are specific purposes that would call for the development of best-possible gridded data sets for terrestrial biomes. The conventional paradigm in climate modelling treated the land surface as unchanged from present. In reality, however, the physical properties of the land surface at 6000 14 C yr B.P. (and even more so at LGM) were considerably altered. Biomes differ in properties such as surface albedo and roughness length that are important in controlling the fluxes of energy, water and momentum between the ground and the atmosphere, with consequences for the atmospheric heat balance and circulation; there is therefore a considerable potential for biogeophysical feedbacks (Eltahir, 1996; Melillo et al., 1996; Prentice, 1998) . Much attention has been paid recently to two specific cases at 6000 yr B.P. where this feedback appears to be positive: the effect of extended northern forests in generally enhancing northern-hemisphere warming (Foley et al., 1994; Melillo et al., 1996; TEMPO, 1996; Texier et al., 1997) , and the effect of vegetation expansion in the Sahara in amplifying the enhancement of the African monsoon (Street-Perrott et al., 1990; Claussen & Gayler, 1997; Texier et al., 1997; Broström et al., 1997) . These studies have adopted one of three approaches to quantifying biogeophysical feedback: (1) stylized vegetation changes have been prescribed as part of the boundary conditions of the climate model (e.g. Street-Perrott et al., 1990; Foley et al., 1994) ; (2) the climate model has been linked to a biome model using equilibrium asynchronous coupling (e.g. de Noblet et al., 1996; Claussen & Gayler 1997; Texier et al., 1997) ; (3) realistic vegetation changes have been prescribed, based on the available data with an explicit procedure used to generalize the data to the climate model grid (Broström et al., 1997; Hoelzmann et al., 1998) .
Various objective procedures exist that could accomplish such gridding of qualitative (biome) data in a topographically sensitive manner (e.g. Guiot et al., 1996) .
Approaches (1) and (3) are sensitivity experiments, whereas approach (2) represents a prognostic approach that could also be applied to predicting future climate changes or to understanding climate changes during periods for which the available data on vegetation are limited (e.g. the start of the last glaciation: de Noblet et al., 1996) . Coupled prognostic modelling remains the ultimate goal, particularly fully coupled modelling in which the atmosphere and biosphere interact on the time scale of the climate model itself (Foley et al., 1998) . Sensitivity experiments however are also valuable because they make it possible to isolate the effects of one particular type of feedback, e.g. land-surface changes. Imposing stylized changes results in ambiguity in interpreting the results and could even lead to artefacts if the vegetation changes prescribed were inconsistent with any plausible climate. For this reason, it is preferable to prescribe land-surface conditions as accurately as possible, i.e., approach (3) is preferred to (1). Broström et al. (1997) prescribed land-surface conditions for 6000 yr B.P., based partly on BIOME 6000 data, in an experiment to assess the consequences of land-surface changes in northern Africa for the strength and seasonal phasing of the African monsoon.
Crowley & Baum (1997) attempted a global prescription of LGM vegetation and showed the potential for strong vegetation feedbacks at LGM; however this global vegetation reconstruction, based on data compiled during the 1980's by the COHMAP project (Wright et al., 1993) , differs in many substantial ways (for example, the extent of steppe and desert in China) from the picture that we are now able to show for the LGM. The matter of biogeophysical feedbacks at
LGM therefore requires re-examination.
We envisage the possibility of using the BIOME 6000 data first to generate altered surface boundary conditions for an atmospheric or coupled atmosphere-ocean model, and then (with appropriate diagnostic procedures) as a benchmark to evaluate whether the model with altered land-surface conditions is more nearly able to reproduce the distribution of biomes for the period in question. There is no circularity here. One rather asks whether the modelled climate system is capable of sustaining the changes that were prescribed, or whether additional processes must be invoked to account for the climate and vegetational changes that took place. Although attention has been focused mainly on certain regions and phenomena where there is a strong prima facie case for biogeophysical feedbacks, we suspect that there is considerable BIOME 6000 13 scope for further and more subtle changes in climatic seasonality and circulation patterns mediated by vegetation shifts at a global scale. developed by Ben Smith at Lund University. We thank Gerhard Bönisch for data management, Silvana Schott for technical editing and graphics, and Kerstin Sickel for computing support at MPI-BGC. Nathalie de Noblet provided helpful comments on a draft manuscript.
(A) BIOPIC Colin Prentice has led BIOME 6000 since its inception in 1993, when he was Professor of Plant Ecology at Lund University. He has been a director of the Max Planck Institute for Biogeochemistry (MPI-BGC) since 1997. He is a member of GAIM and is on the advisory committee for PMIP. Dominique Jolly was the GAIM postdoctoral fellow for BIOME 6000 from 1993-1998. He is on the steering committee for the African Pollen Data Base (APD). BIOME 6000 is a community-wide project which was formally inaugurated in 1994 under the auspices of IGBP. by complex vegetation patterns, overprinting of some sites at the small scale of these maps may result in small apparent differences with the larger-scale regional maps. Figure 3 . Reconstructed biomes at 6000 yr B.P. The biomes are plotted in a globally consistent order. In regions characterised by complex vegetation patterns, overprinting of some sites at the small scale of these maps may result in small apparent differences with the larger-scale regional maps.
